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Milton  Whitney, 
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Hon.  James  Wilson, 
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OCCURRENCE  AND  NATURE  OF  CARBONIZED  MATERIAL 

IN  SOILS. 


INTRODUCTION. 


The  transformations  which  organic  materials  undergo  in  soils  are 
of  fundamental  importance  to  soil  fertility.  Vast  quantities  of 
organic  debris  are  annually  reduced  to  material  which  becomes  a 
part  of  the  soil  itself.  Certain  of  these  materials  will  differ  in  cer- 
tain characteristics  with  the  nature  of  the  soil,  while  other  materials 
may  be  common  to  all  soils.  Such  transformations  affect  soil  fer- 
tility in  several  ways :  First,  as  the  organic  debris  is  decaying  the  soil 
is  loosened ;  second,  soil  with  organic  matter  is  capable  of  holding  a 
larger  water  reserve;  third,  some  of  the  constituents  may  be  either 
directly  harmful  or  directly  beneficial  to  vegetation.  The  presence 
of  such  compounds  has  been  amply  shown  by  the  isolation  of  harmful 
and  beneficial  organic  substances  from  soils  in  the  work  previously 
reported  from  this  laboratory. 

The  recognition  of  the  importance  of  soil  organic  matter  has  made 
a  complete  knowledge  of  its  properties,  composition,  constitution,  and 
formation  highly  desirable,  and  indeed  necessary  for  a  thorough 
understanding  of  soil  fertility.  This  becomes  all  the  more  obvious 
since  the  purely  mineral-requirement  theory  of  soil  fertility  has 
proven  itself  alone  inadequate  to  cope  with  the  accumulated  facts. 
x\s  a  matter  of  fact,  a  coordination  of  both  organic  and  inorganic 
nutrients  is  requisite  as  well  as  a  consideration  of  means  of  sanita- 
tion. The  isolation  of  definite  compounds  and  the  determination  of 
their  properties  have  been  helpful  in  clearing  up  many  phases  of  the 
chemical  problems  involved  in  a  study  of  the  soil  organic  matter  and 
its  effect  on  crops.  Their  isolation  has  been  experimentally  furthered 
by  the  fact  that  the  compounds  are  soluble  in  water,  alkali,  acid,  or 
other  solvents,  such  as  alcohol,  ether,  etc.  In  addition  to  material  so 
dissolved  there  is  in  the  soil  much  material,  organic  in  character, 
which  is  not  readily  soluble,  but  which,  nevertheless,  forms  no  incon- 
siderable portion  of  soil  organic  matter  and  which  must  be  studied 
as  well  as  the  more  soluble  material  in  order  to  obtain  a  compre- 
hensive and  accurate  conception  not  only  of  the  constituent  parts  of 
the  soil,  but  also  of  the  processes  through  which  all  must  pass.    The 
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8  CARBONIZED  MATERIAL  IN   SOILS. 

present  bulletin  is  a  contribution  to  the  knowledge  of  that  portion 
of  soil  organic  matter  which  exists  in  a  more  resistant  state,  often 
occurring  as  particles  of  visible  size  in  the  soil  as  well  as  in  finer 
subdivisions  widely  distributed  throughout  the  soil  mass. 

The  types  of  organic  material  encountered  in  this  research,  vary- 
ing from  plant  debris  with  organized  structure  to  highly  carbonized 
forms,  doubtless  play  important  roles  in  the  soil,  and  the  results 
permit  of  some  interesting  suggestions  regarding  their  origin  or  the 
processes  at  work  in  their  formation. 

WATER-SOLUBLE    ORGANIC    ZtfATTER. 

The  soil  waters  dissolve  some  organic  matter  as  well  as  inorganic 
matter.  During  active  decomposition  of  organic  matter  this  solu- 
bility is  apparent  in  the  color  imparted  to  water,  which  may  vary 
from  a  light  straw  yellow  to  a  deep  brown,  and  in  large  volumes 
may  appear  almost  black.  This  latter  condition  obtains  in  the  streams 
emerging  from  swamps  and  wet  forest  lands.  Eecently  manured 
lands  likewise  impart  considerable  color  to  water  extracts,  thus  indi- 
cating the  solubility  of  the  organic  matter.  In  all  these  cases  the 
presence  of  organic  matter  is  more  definitely  determined  by  evapo- 
rating the  water  and  charring  and  burning  the  residue.  Dissolved 
organic  matter  of  this  kind  is  in  fact  carried  in  appreciable  amounts 
in  all  natural  waters  which  in  themselves  are  virtually  soil  extracts. 

As  the  organic  matter  in  soils  becomes  more  weathered  or  altered, 
as  in  cultivated  soils,  the  water  extracts  show  less  and  less  color,  even 
though  the  soils  themselves  may  be  dark  from  the  presence  of  organic 
matter.  This,  however,  does  not  imply  that  the  water  dissolves  no 
organic  matter.  On  evaporation  of  such  colorless  extracts  residues 
containing  both  organic  and  mineral  matter  are  invariably  obtained. 

Such  aqueous  soil  extracts  have  been  shown  by  the  investigations  of 
this  laboratory  to  possess  properties  which  are  attributable  to  organic 
constituents.  Thus,  for  instance,  the  extracts  from  certain  unpro- 
ductive soils  were  harmful  to  plants  and  this  property  was  traced 
to  the  influence  of  dissolved  organic  matter.  Carbon  black  is  capable 
of  removing  the  color  from  soil  extracts  and  in  the  same  manner  it 
also  removes  organic  constituents  not  colored.  It  was  found  that 
carbon  black  removed  the  above  harmful  properties  from  the  soil 
extract.  Likewise  the  charring  of  the  residue  removed  the  harmful 
property.  Finally,  from  the  soil  there  was  isolated  an  organic  con- 
stituent, a  white  crystalline  compound,  which,  in  water  or  nutrient 
solutions,  possessed  the  properties  shown  by  the  extract  from  the  soil.1 
This  fact,  therefore,  demonstrated  the  existence  of  a  soluble  organic 

1  The  Isolation  of  Harmful  Organic  Substances  from  Soils.  By  Oswald  Schreiner  and 
Edmund  C  Shorey.     Bui.  No.  53,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1909). 
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constituent  of  a  harmful  nature,  That  the  soil  solution  or  extract 
contains  soluble  organic  matter  is  again  evidenced  by  the  isolation 
of  a  beneficial  compound  from  soils,  which  was  also  shown  to  be 
present  in  the  water  extract  from  the  soils  examined.1  This  com- 
pound is  crystalline  and  colorless  and  in  solutions  in  water  decidedly 
beneficial  to  growing  plants. 

The  total  amount  of  organic  material  dissolved  by  water  is,  of 
course,  small  when  compared  with  the  total  organic  content  of  the 
soil,  but  this  relationship  likewise  holds  for  the  mineral  matter  in 
solution  and  that  in  the  soil.  For  the  purpose  of  investigational 
work  many  solvents  other  than  water  have  been  employed  in  these 
laboratories,  such  as  alcohol,  ether,  petroleum  ether,  acetone,  chloro- 
form, benzene,  etc.,  and  while  more  of  the  organic  matter  is  dissolved 
by  these  solvents,  extraction  with  a  dilute  aqueous  solution  of  alkali 
has  served  to  bring  by  far  the  greater  amount  of  soil  organic  matter 
into  solution,  or  into  a  state  of  suspension  approximating  a  solution. 

ALKALI-SOLUBLE  ORGANIC   MATTER. 

Even  dilute  alkali  solutions  render  a  considerable  amount  of 
organic  matter  soluble.  That  this  solution  is  only  a  soluble  combina- 
tion of  acid  with  base  and  that  the  soil  organic  matter  is  therefore 
chiefly  of  an  acid  character,  can  not  be  maintained.  The  solution 
obtained  contains  besides  organic  acids  a  considerable  amount  of 
other  material,  neutral  or  basic  in  character.  Whether  this  is  dis- 
solved in  alkali  or  merely  removed  from  the  mineral  soil  particles 
by  the  process  of  chemical  erosion,  which  removes  the  coating  of 
organic  matter  from  the  soil  grains,  can  not  be  affirmed,  but  the 
latter  seems  the  more  logical  explanation.  This  is  unquestionably 
the  case  in  the  unfiltered  extract;  that  is,  the  extract  decanted  from 
the  soil. 

This  alkali  extract  has  been  a  fruitful  source  of  information  regard- 
ing organic  soil  constituents.  It  is  not  the  purpose  of  the  present 
bulletin  to  discuss  these  results,  except  to  mention  in  passing  that  a 
considerable  number  of  definite  chemical  compounds,  many  of  them 
crystalline  in  character  and  chiefly  white  or  yellowish  in  color,  have 
been  obtained,  and  that  these  represent  a  considerable  number  of 
different  classes  of  organic  compounds.  Thus  we  have  paraffin  hydro- 
carbons, alcohols,  acids,  aldehydes-,  bases,  carbohydrates,  fats,  resins, 
waxes,  protein  derivatives,  etc.,  represented  by  upward  of  35  com- 
pounds, definitely  identified  and  usually  well  crystallized. 

INSOLUBLE  ORGANIC  MATTER. 

Neither  water,  alkali,  nor  any  of  the  other  solvents  mentioned 
removes  all  of  the  organic  matter  from  the  soil.    In  soils,  so  extracted, 

1Bul.  No.  83,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1911).  Part  I:  The  Isolation  of 
Creatinine  from  Soils.     By  Edmund  C.  Shorey. 
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there  appear  even  ponderable  masses  of  organic  material,  usually 
black  in  color  and  capable  of  being  distinctly  seen  with  the  naked  eye. 
A  much  greater  number  of  smaller  though  similar  particles  are  seen 
under  the  microscope.  It  follows  that  an  investigation  of  the  soil 
organic  matter  is  not  complete  unless  this  material  insoluble  in 
ordinary  solvents  is  likewise  taken  into  consideration,  and  if  possible 
determining  its  origin  or  its  formation  in  the  soil.  Owing  to  its 
insolubility  the  chemical  nature  of  such  material  will  probably  be  a 
difficult  matter,  but  it  should  be  possible  to  class  it  with  other  natural 
products  by  determining  its  prominent  properties.  In  order  to  do 
this,  particles  of  sufficient  size  to  be  readily  observed  must  be  ob- 
tained; that  is,  particles  at  least  large  enough  to  be  visible  to  the 
naked  eye  and  capable  of  being  separated  from  the  soil  by  mechanical 
means. 

These  larger  particles,  which  make  up  a  portion  of  the  organic 
matter  of  the  soil  and  which,  in  part  at  least,  comprise  that  left 
intact  by  water  or  alkali,  consist  of  material  organized  and  un- 
organized. By  organized  material  is  meant  that  in  which  the  original 
structure  is  still  apparent,  such  as  plant  remains,  insect  parts,  char- 
coal, lignite,  etc.  By  unorganized  material  is  meant  that  in  which  the 
original  structure  has  been  obliterated  or  so  modified  or  changed  as 
to  be  no  longer  visible,  as  in  coallike  particles,  pitchlike  masses, 
resin  particles,  etc.  Both  of  these  classes  of  material,  organized  and 
unorganized,  while  easiest  recognized  in  the  larger  particles,  occur 
nevertheless  in  smaller  subdivisions  in  the  soil.  These  smaller  par- 
ticles, however,  especially  in  the  absence  of  knowledge  concerning  the 
larger  particles,  do  not  lend  themselves  well  to  a  study  of  their 
nature.  In  the  present  investigation  the  larger  particles  of  soil 
organic  matter  were  therefore  the  principal  subject  of  study. 

METHOD    OF    INVESTIGATION. 

In  the  present  investigation  an  attempt  is  made  to  gain  some  in- 
formation concerning  the  nature  of  the  insoluble  organic  matter  of 
soils,  especially  the  black  particles  so  frequently  encountered  in  the 
various  soil  separates  obtained  in  the  mechanical  analysis  of  soils, 
as  well  as  the  particles  observed  after  extraction  with  various  solvents 
as  before  noted.  In  the  mechanical  analysis  of  soils  the  particles  are 
separated  into  various  grades,  the  silt  and  clay  being  removed  from 
the  more  sandy  particles  and  the  latter  separated  by  a  series  of  sieves 
into  five  different  grades.  All  of  these  separations  show  black  or 
dark-colored  particles  which  are  organic  in  nature,  as  well  as  some 
black  particles  inorganic  in  character.  In  the  coarse  grades  these 
particles  can  be  separated  by  mechanical  means  or  by  means  of  liquids 
of  such  specific  gravity  that  the  minerals  sink  and  the  lighter  par- 
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tides  of  organic  nature  float.  In  the  finer  grades  it  becomes  more  and 
more  difficult  to  make  satisfactory  separations.  Outside  of  the  coarser 
grades  neither  procedure  is  applicable  on  a  large  scale  for  various 
reasons.  The  present  method,  as  used  in  this  investigation,  consisted 
therefore  in  getting  a  considerable  amount  of  the  coarser  grade  ma- 
terial from  large  masses  of  soil  for  separation  of  the  black  and  other 
particles  of  organic  character.  The  coarser  grade  material  from  sev- 
eral tons  of  a  single  soil  type  was  often  thus  obtained.  A  number  of 
types  were  examined  on  this  rather  large  scale,  as  well  as  a  consider- 
ably larger  number  in  a  smaller  way.  Soils  from  many  States  are 
represented  in  the  list,  which  comprises  agricultural  and  forest  soils, 
surface  soils,  subsoils,  and  soils  from  still  greater  depths,  as  deep  as 
50  feet  below  the  surface  in  some  instances.  In  handling  such  large 
masses  of  soil,  which  had  to  be  puddled,  thoroughly  broken  down  or 
deflocculated,  and  then  washed  free  from  the  great  mass  of  small 
inorganic  particles,  the  silt,  clay,  fine  sand,  etc.,  special  apparatus 
was  required,  and  this  together  with  the  procedure  followed  will  now 
be  described. 

DEFLOCCULATING  THE   SOIL. 

The  apparatus  used  for  thoroughly  breaking  down  the  soil  struc- 
ture consisted  of  two  barrels  of  10-gallon  capacity  each,  mounted  on 
axles  in  a  suitable  frame  and  revolved  by  power.  The  apparatus  is 
shown  in  Plate  I.  The  speed  was  controlled  by  means  of  a  rheostat 
and  was  so  regulated  as  to  give  from  35  to  50  revolutions  per  minute. 
Each  barrel  was  charged  with  50  to  75  pounds  of  soil,  and  water 
added  by  means  of  the  hose  attachment  until  three-fourths  full.  In 
case  of  heavy  soils,  or  when  otherwise  deemed  necessary,  some  am- 
monia was  added  to  aid  in  the  deflocculation.  The  barrel  was  then 
tightly  closed  by  means  of  the  clamp  attachment  shown.  The  con- 
tents were  agitated  long  enough  to  effect  complete  disintegration  and 
deflocculation.  This  was  usually  accomplished  in  from  one-half  to 
one  hour,  depending  upon  the  nature  of  the  soil. 

The  mixture  was  then  poured  into  the  large  galvanized-iron  con- 
tainers shown  on  the  truck  in  the  illustration  and  conveyed  to  an 
alberene  stone  tank  for  the  next  operation. 

HYDRAULIC  SCREENING. 

The  alberene  tank  in  which  the  screening  operations  were  per- 
formed was  a  large  sink,  with  water  connections  and  a  special  trap 
below  to  catch  any  soil  which  escaped  from  the  tank  above  in  the 
washing  process.  In  order  to  avoid  so  large  a  quantity,  namely, 
several  tons  of  silt,  clay,  and  fine  grades  of  sand,  from  passing  into 
the  drain  system,  the  alberene  tank,  which  was  2  by  4  feet  and  1  foot 
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deep,  was  provided  with  a  6-inch  standpipe  fitted  into  the  outlet. 
The  sink  constituted,  therefore,  a  sort  of  settling  tank,  and  together 
with  the  trap  mentioned  prevented  any  soil  material  except  the  finest 
suspensions  of  clay  and  silt  from  passing  into  the  drain  system. 

In  the  alberene  tank  there  was  mounted  a  large  screen,  the  wire 
retting  of  which  was  2  to  3  inches  above  the  top  of  the  standpipe. 
This  screen  consisted  of  brass  wire  gauze  of  20  meshes  to  the  linear 
inch,  and  when  expedient  40  meshes  to  the  inch,  reenforced  below 
by  a  heavy  galvanized-iron  netting  of  7  meshes  to  the  linear  inch, 
the  latter  serving  to  support  the  brass  gauze  against  the  heavy  weight 
of  the  soil. 

The  puddled  soil  was  washed  through  this  sieve.  To  aid  in  this 
operation  a  fine  stream  of  water  was  forced  against  the  soil,  virtu- 
ally amounting  to  hydraulic  washing.  Any  roots,  twigs,  or  other 
large  plant  material  were  separated  by  hand  and  washed  with  the 
forced  spray.  In  this  manner  all  silt,  clay,  fine  sand,  etc.,  in  fact,  all 
material  capable  of  passing  through  the  sieve  used,  was  removed  and 
only  the  coarser  mineral  and  organic  particles  remained  on  the  sieve 
in  a  clean  condition.  This  material  was  then  transferred  to  pans  and 
dried  in  a  large  vacuum  drying  apparatus,  which  is  shown  in  Plate 
II.  TThen  dry  the  material  was  screened  through  a  seven-mesh  sieve 
to  remove  pebbles  and  other  coarse  material,  chiefly  organic.  The 
next  step  was  to  separate,  as  far  as  practicable,  the  mineral  particles 
from  the  organic  matter. 

SEPARATION  OF  MINERAL  FROM  ORGANIC  PARTICLES  BY  LIQUIDS  OF  DIFFER- 
ENT SPECIFIC  GRAVITIES. 

In  the  earlier  stages  of  the  work  the  separation  of  the  organic  par- 
ticles was  attempted  by  picking  them  out  with  the  aid  of  a  lens  and 
forceps,  but  this  proved  unsatisfactory.  In  view  of  the  fact  that  the 
organic  matter  is  lighter  than  the  mineral  matter,  the  use  of  liquids 
of  different  specific  gravities  was  resorted  to  for  their  separation. 
Water  was  not  of  sufficient  density,  however,  to  include  all  of  the 
crganic  particles,  although  it  would  remove  a  considerable  amount 
of  the  more  obviously  vegetable  debris.  Saline  solutions  of  the  heavy 
metals,  such  as  are  employed  in  making  mineral  separations,  are  un- 
satisfactory on  account  of  the  difficulty  in  removing  the  salts  from 
the  organic  matter,  as  these  would  interfere  greatly  with  its  proper 
examination.  Organic  liquids  of  high  density  were  therefore  tried 
and  gave  excellent  results.  All  traces  of  these  are  readily  removed, 
either  by  exposure  to  the  air  or  by  heating  in  the  vacuum  dryer.  The 
solvent  action  of  those  employed  was  found  to  be  negligible  in  this 
work. 

It  was  found  that  carbon  tetrachloride,  having  a  specific  gravity 
of  1.54,  and  bromoform,  having  a  specific  gravity  of  2.83,  were  the 
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most  satisfactory.  With  these  two  liquids,  mixtures  of  intermediate 
specific  gravities  could  be  prepared.  The  one  commonly  used  had  a 
density  of  1.8.  By  slowly  pouring  the  material  through  a  2-inch 
tube,  the  lower  end  of  which  was  about  an  inch  below  the  surface 
of  the  liquid  contained  in  a  large  glass  jar,  a  very  satisfactory  sepa- 
ration of  the  organic  from  the  inorganic  material  was  effected.  The 
apparatus  is  shown  in  Plate  III.  The  lighter  material  rose  to  the 
undisturbed  surface  of  the  liquid  in  the  large  container.  In  this 
manner  the  trapping  of  lighter  material  by  the  heavier  was  pre- 
vented. The  floating  material  was  removed  with  a  ladle  and  sepa- 
rated by  filtration.  The  liquid  was  recovered  from  the  heavier  min- 
eral material  by  filtration,  and  could  thus  be  used  several  times  with- 
out serious  loss. 

The  organic  matter  thus  removed  from  the  mineral  matter  can 
then  be  further  separated  on  the  basis  of  specific  gravity  by  using 
water  as  well  as  mixtures  of  the  other  liquids  up  to  the  specific 
gravity  of  the  bromoform.  It  was,  in  fact,  found  to  be  highly  de- 
sirable in  nearly  all  cases  to  treat  the  material  with  water,  which 
separated  all  lighter  material,  an  examination  of  which  showed  it  to 
be  comprised  chiefly  of  the  more  obvious  plant  remains,  from  the 
material  heavier  than  water,  and  leaving  the  latter  in  a  cleaner  con- 
dition for  further  examination  and  separation.  This  was  done  either 
by  using  liquids  of  heavier  specific  gravity  or  by  picking  out  the 
particles  of  like  appearance  under  the  lens  or  microscope. 

SEPARATION   OF  DIFFERENT  ORGANIC   PARTICLES  BY   MECHANICAL   MEANS, 
AIDED  BY  THE   MICROSCOPE  OR  LENS. 

As  a  final  step,  assorting  the  material  into  classes  of  like  appear- 
ance under  the  microscope  was  resorted  to.  The  lenses  used  were  of 
different  magnifying  power,  the  so-called  jeweler's  eyepiece  being 
very  serviceable.  The  microscope  used  in  this  work,  both  for  the 
separation  as  well  as  examination  of  the  particles,  was  of  the  binocu- 
lar type.  The  magnification  varied  from  35  to  65  diameters.  The 
instrument  itself  is  shown  in  Plate  IV.  The  particles  were  picked 
out  by  means  of  finely  pointed  forceps,  or,  when  this  was  imprac- 
ticable, were  teased  out  by  means  of  a  needle-pointed  instrument  or 
fine  blade.  The  material  thus  obtained  was  classified  according  to 
obvious  physical  characteristics,  such  as  general  appearance,  hard- 
ness, color,  specific  gravity,  etc. 

DESCRIPTION   OF   THE   MATERIAL   SEPARATED. 

Proceeding  in  the  above  manner,  it  was  found  that  the  organic 
particles  could  be  separated  into  several  classes,  distinguishable  with- 
out great  difficulty.  The  material  of  each  of  these  subdivisions  will 
now  be  described. 
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PLANT   MATEEIAL   OF   ORGANIZED    STRUCTURE. 

A  prominent  class  of  organic  material  found  in  the  soils  studied 
consisted  of  remains  of  vegetation.  Specimens  of  material  of  this 
class  are  shown  in  Plate  V,  fig.  1.  Under  the  microscope  all  this 
showed  clearly  the  structure  of  plant  tissues,  such  as  roots,  barks, 
leaves,  stems,  seed  coats,  etc.,  as  well  as  intact  seeds.  The  material 
was  found  in  all  stages  of  change  from  quite  fresh  tissue  to  that 
which  had  lost  practically  all  its  original  characteristics,  save  that  of 
structure  still  discernible  under  the  microscope.  The  study  of  this 
material  was  exceedingly  instructive  in  showing  the  gradual  proc- 
esses of  decay  of  vegetable  remains  which  find  their  way  into  the 
soil.1 

Certain  plant  products,  like  the  resin  secretions  and  waxes,  persist 
in  the  soil,  and  in  conjunction  with  the  more  resistant  structural  parts 
become  the  framework  for  the  formation  of  mineral  deposits,  such  as 
the  deposition  of  silica,  and  perhaps  also  for  the  deposition  of  organic 
substances,  resulting  in  the  formation  of  organic  particles  more  re- 
sistant to  decay  than  the  original  plant  material.  Possibly  a  transi- 
tion of  this  nature  may  explain  the  origin  of  the  other  material  found 
associated  with  these  plant  remains  in  soils.  Some  of  the  particles, 
indeed,  showed  transition  stages  of  this  character.  For  instance,  a 
particle,  with  obviously  woody  structure,  but  in  an  advanced  stage 
of  decay,  had  definite  resinous  concretions  embedded  in  the  mass. 
The  resinous  character  of  the  substance  was  easily  demonstrated  by 
the  manner  of  its  melting  and  burning  and  the  fact  that  it  was  dis- 
solved by  the  ordinary  resin  solvents.  Another  instance  was  in  the 
case  of  a  fragment  of  obvious  plant  structure,  the  interstices  of  which 
were  filled  with  a  black,  glossy  material,  pitchlike  in  appearance. 

It  appears  that  the  vegetation  occupying  a  soil  leaves  its  record 
therein  in  the  form  of  these  more  resistant  plant  parts,  changed  and 
altered,  but  yet  distinctly  recognizable  under  the  microscope.  While 
a  detailed  botanical  study  of  these  plant  remains  was  not  a  part 
of  this  investigation,  yet  it  would  seem  that  a  clear  recognition 
of  tissue  fragments,  in  a  sense  fossilized  and  silicified,  from  definite 
plant  families  or  even  species  would  serve  to  throw  light  upon  the 
vegetative  history  of  any  particular  soil.  The  knowledge  of  previous 
plant  occupation  would  suggest  the  nature  of  definite  chemical  con- 
stituents to  be  looked  for  in  making  an  investigation  of  the  chemical 
nature  of  the  organic  matter  of  that  soil. 

Most  of  the  organic  particles  in  this  group  had  probably  resulted 
from  comparatively  recent  plant  occupation,  a  fact  which,  however, 
makes  its  detailed  study  no  less  interesting  and  instructive. 

1  Material  of  this  type  should  prove  especially  interesting  for  study  in  connection  with 
definite  soil  conditions  and  definite  vegetation,  enabling  the  investigator  to  follow  the 
processes  of  change  from  the  original  tissue  to  the  structureless  forms  of  organic  matter. 
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INSECT   AND    OTHER    MATERIAL   OF   ORGANIZED    STRUCTURE. 

Another  type  of  organized  material  which  was  prevalent  in  the 
soils  studied  was  of  an  entirely  different  nature  from  the  preceding 
class  and  was  in  many  cases  recognizable  even  to  the  unaided  eye  as 
insect  remains.  Specimens  of  material  of  this  class  are  shown  in 
Plate  V,  fig.  2.  The  fragments  were  readily  identified  as  being 
of  insect  origin  under  the  microscope.  The  parts  usually  found  in 
the  most  preserved  condition  were  the  chitin  parts  of  the  insects. 
The  chitin  of  insects  is  very  stable  when  treated  with  acids  or  alkali 
and  resists  decomposition  both  in  the  laboratory  and  in  nature.  It 
is  nitrogen  bearing  and  thus  forms  probably  a  not  inconsiderable  pro- 
portion of  the  nitrogen  of  soils  difficultly  available  to  plants. 

Material  other  than  the  investment  parts  of  mature  insects  were 
wing  fragments,  larva?,  remains  of  worms  of  various  kinds,  etc.  A 
more  thorough  microscopic  search  would  doubtless  disclose  the  more 
resistant  parts  of  other  forms  of  lower  animal  life. 

CHARCOAL   PARTICLES. 

There  was  a  considerable  amount  of  black  material  in  the  soils 
examined  that  must  be  classified  as  charcoal.  Plate  VI,  fig.  1,  shows 
fragments  of  this  character.  It  was  intensely  black-  when  wet,  black 
or  grayish-black  when  dry,  and  had  the  obvious  woody  structure  of 
charcoal.  In  most  cases  the  material  was  porous,  although  numerous 
particles  appeared  to  be  filled  in  with  other  matter.  These  latter 
particles  had  a  higher  apparent  specific  gravity.  This  filled-in  ma- 
terial appeared  in  some  cases  to  be  organic  in  character,  in  others 
inorganic,  silt  or  clay  and  possibly  even  siliceous  matter  being  de- 
posited within  the  pores. 

The  particles  varied  considerably  in  appearance  under  the  micro- 
scope, many  of  them  showing  a  decided  luster,  as  though  coated  with 
bitumenlike  material. 

Many  of  the  particles  of  this  type  were  brittle  and  snapped  under 
pressure.  Others  were  very  sort  and  crumbled  readily,  from  which 
it  follows  that  much  of  it  has  broken  down  in  the  soil  and  occurs 
therefore  in  the  finer  particles  of  soil  material,  adding  to  the  organic 
content  and  exercising  absorptive  functions  therein.  While  the 
greater  part  of  this  material  is  represented  by  what  would  appear  to 
be  fragments  of  still  larger  masses,  a  not  inconsiderable  part  appeared 
to  be  the  charcoailike  remains  of  distinct  small  plant  parts,  such  as 
partially  or  wholly  carbonized  twigs,  leaf  stems  or  ribs,  roots,  etc. 

LIGNITE   PARTICLES. 

A  smaller  amount  of  dark- colored  material  that  showed  the  char- 
acteristics of  lignite  was  also  found  in  most  of  the  soils.     This  had  a 
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higher  specific  gravity  than  the  more  obviously  charcoallike  ma- 
terials. On  heating  the  particles  burned  with  the  characteristic  odor 
of  sulphur,  differing  in  this  respect  from  the  preceding  class.  This 
points  unquestionably  to  the  formation  of  the  particles  through  the 
process  of  slow  oxidation  accompanied  by  the  partial  replacement  or 
filling  in  of  siliceous  and  other  mineral  matter  known  as  lignification. 

COAL    PAETICLES. 

From  all  the  soils  there  were  obtained  black  particles  that  can  only 
be  classified  as  coal.  Specimens  of  material  of  this  class  are  shown 
in  Plate  VI,  fig.  2.  Some  of  them  were  dull,  others  of  a  high  luster, 
some  broke  with  a  clean  conchoiclal  fracture,  others  with  an  irregular 
surface.  They  had  the  structure  of  coal,  and  in  every  other  way  be- 
haved and  looked  like  coal  particles.  By  far  the  larger  number 
of  the  particles  resembled  anthracite,  although  particles  showing  the 
characteristics  of  bituminous  coal  were  also  discovered.  It  was  found 
that  they  exhibited  a  considerable  variation  in  specific  gravity  rang- 
ing from  1.25  to  1.75,  which  fact  is  in  harmony  with  the  range  of 
the  specific  gravities  for  coal.  The  higher  specific  gravities,  from 
1.4  to  1.75,  were  the  more  prevalent. 

These  particles  burned  and  left  an  ash  or  cinder  as  would  ordinary 
coal.  The  particles  of  high  specific  gravity,  in  harmony  with  the 
supposition  that  they  were  anthracite,  burnt  with  more  difficulty  and 
less  flame  than  the  particles  of  lower  specific  gravity.  The  particles 
were  resistant  to  all  ordinary  solvents. 

Some  of  the  particles  from  the  soils  were  subjected  to  partial 
oxidation  by  chemical  means,  following  the  procedure  used  by 
Thiessen  in  his  stud}^  of  coals.1.  Briefly,  the  procedure  followed  con- 
sisted in  putting  the  particles  in  a  saturated  solution  of  potassium 
chlorate  and  then  adding  nitric  acid  up  to  20  to  25  per  cent.  This 
oxidizing  mixture  was  allowed  to  act  for  several  days,  and  with  the 
more  resistant  particles  several  weeks,  sometimes  with  heat,  after 
which  time  the  particles  were  withdrawn,  washed  with  water,  and 
immersed  in  alcohol.  A  few  drops  of  ammonia  were  added  and  the 
disintegration  which  took  place  was  observed  under  the  microscope. 
In  this  process  the  more  resistant  parts  of  the  coal  structure  of 
previous  vegetation  remain  intact,  and  the  more  readily  oxidized 
are  altered  and  made  soluble  in  the  alcohol  and  ammonia,  so  that 
the  cellular  and  other  more  resistant  parts  slough  off.  This  process 
is  clearly  discernible  under  the  microscope.  In  many  cases  water 
and  ammonia  was  found  to  be  preferable  to  the  alcohol  and  ammonia. 

It  is  needless  to  say  that  homogeneous  structureless  material  can 
not  respond  to  this  test.     In  this  investigation  the  test  was  prin- 

1  The  authors  wish  to  acknowledge  the  courtesy  and  advice  given  them  by  Mr.  R. 
Thiessen,  of  the  Bureau  of  Mines,  in  the  execution  of  this  phase  of  the  examination. 
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cipally  employed  for  the  purpose  of  determining  whether  the  ap- 
parently structureless  black  particles  had,  like  coal,  structural  char- 
acter pointing  to  organized  material  as  its  source.  Authentic  samples 
of  coal  were  tested  along  with  the  material  from  the  soil  for  com- 
parison. The  more  obviously  anthracite  particles  did  not  respond 
readily  to  this  treatment  and  had  to  be  acted  upon  for  a  much  longer 
time.  It  should  here  be  noted  that  Thiessen  has  applied  this  pro- 
cedure wholly  to  grades  softer  than  anthracite.  The  softer  particles 
of  lower  specific  gravity  from  the  soils  showed  the  same  character- 
istics as  the  bituminous  coal  samples,  and  sufficient  evidence  was  also 
obtained  from  the  harder  particles  to  show  the  same  general  charac- 
ter of  the  material,  though  the  results  were  not  so  satisfactory. 

While  in  the  case  of  the  harder  anthracite  particles  the  partial 
oxidation  by  the  wet  method  was  in  a  measure  satisfactory,  further 
experiments  were  undertaken  to  study  the  material.  It  was  thought 
by  obtaining  extremely  thin  sections  of  coal  and  subjecting  them  to  a 
high  heat  that  the  structural  skeleton  of  mineral  matter  associated 
with  the  coal  would  be  revealed,  and  thus  disclose  the  fact  that 
organized  structure  had  existed  in  the  coal  itself.  This  is  exactly 
what  was  observed  when  thin  sections  of  coal  were  burned  in  such  a 
way  as  to  avoid  any  disturbance  of  the  ash  during  burning.  The 
ash  in  nearly  all  cases  showed  evidences  of  previous  structure. 
Although  a  high  temperature  was  employed,  the  ash  remained  in- 
tact, showing  that  it  was  not  easily  fusible.  For  this  very  reason  it 
was  possible  to  maintain  the  skeletonized  form  of  the  original  sec- 
tion. Under  the  microscope  the  delicate  lacework  was  clearly  de- 
fined. 

A  considerable  number  of  anthracite  coal  samples  were  thus  ex- 
amined. Thin  sections  were  prepared  by  grinding  a  smooth  surface 
on  a  thick  section  of  coal  by  means  of  an  emery  wheel  and  then 
cementing  this  smooth  surface  to  a  microscope  slide  with  melted 
Canada  balsam.  The  thick  section  was  then  ground  down  to  extreme 
thinness,  so  thin  as  actually  to  strike  the  balsam  near  the  edges  of 
the  section.  The  thin  section  was  then  removed  by  heating  the  bal- 
sam and  transferred  to  a  platinum  dish  provided  with  a  cover.  Dish 
and  section  were  heated  slowly  in  an  electric  furnace  to  a  high  tem- 
perature, which  was  controllable  by  a  rheostat.  Burning  the  coal 
sections  in  this  manner  prevented  any  disturbance  of  the  ashy  skele- 
ton. This  was  transferred  with  great  care  to  a  glass  slide  having  a 
cell  made  by  a  ring  of  semihardened  balsam,  and  then  sealed  with  a 
cover  glass.  The  ashy  section  is  thus  inclosed  in  a  glass  case  without 
being  in  contact  with  the  balsam.  When  the  sealing  balsam  acci- 
dentally worked  into  the  skeletonized  section  this  became  opaque  and 
black  in  color. 
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The  mounted  section  was  studied  under  the  microscope.  In  this 
manner  the  lacy  structure  of  some  of  the  thinner  burnt  sections  was 
clearly  apparent  and  resembled  in  many  cases  wood  structure  very 
closely.  Thicker  sections  were  not  so  lacelike  in  appearance,  but 
resembled  more  the  ashy  casts  left  by  wood  or  charcoal,  and  in  other 
cases  were  like  the  casts  of  leaf  structure.  The  method  would  ap- 
pear to  be  applicable  to  a  study  of  coal  structure  and  the  differentia- 
tion of  different  kinds  of  coal  on  the  basis  of  its  structural  features. 

This  method  when  apjolied  to  the  larger  of  the  particles  from  the 
soil  afforded  results  which  were  directly  comparable  with  those  ob- 
tained from  the  anthracite  coal  samples,  thus  showing  that  certain 
of  the  soil  particles  at  least  are  identical  with  coal. 

OTHER    BLACK    ORGANIC    MATTER. 

Besides  the  preceding  types  of  black  organic  particles  there  was 
a  considerable  amount  of  other  material  differing  decidedly  from  the 
classes  already  described.  It  certainly  could  not  be  classed  with 
either  charcoal  or  coal.  Some  of  the  particles  resembled  in  appear- 
ance more  than  anything  else  the  natural  hydrocarbons,  but  the 
fragments  were  entirely  too  small  definitely  to  establish  this  to  be 
the  case.  The  particles  of  this  type  of  material  varied  greatly.  Some 
resembled  bitumen  or  asphalt  and  had  the  appearance  of  having  been 
fused:  others,  such  natural  products  as  gilsonite,  albertite.  or  wurt- 
zilite.  Still  others  had  the  appearance  of  pitch,  and  some  showed 
charcoallike  structure,  but  as  if  the  charcoal  were  filled  in  with  this 
glossy  black  material.  Some  had  the  glossy  appearance  and  loose 
structure  noticed  in  the  charcoal  masses  from  burnt  sugar,  while 
others  were  hard  and  brittle.  Their  specific  gravity,  real  or  appar- 
ent, differed  greatly.  There  is  no  doubt  that  the  material  in  this 
class  is  not  of  a  unit  character,  and  may  possibly  represent  various 
degrees  of  carbonization  of  certain  materials  associated  with  soils. 

PRESENCE    OF    FINE    BLACK    PARTICLES    ALSO    IN    FINE    SEPARATIONS 

FROM    SOILS. 

The  classes  of  black  material  comprising  the  larger  and  more 
ponderable  fragment?  found  in  the  soils  as  described  in  the  preceding 
sections  are  in  still  smaller  subdivision  also  encountered  in  the  finer 
grades  of  soil  material;  in  the  fine  sand,  very  fine  sand,  and  silt,  and 
exist  doubtless  also  in  the  very  finest  clay.  Under  the  microscope 
these  small  black  particles  are  readily  observed  in  all  of  the  soil  sep- 
arates down  to  and  including  the  silt.  It  is.  of  course,  not  possible  to 
distinguish  in  these  finer  subdivisions  between  charcoal,  coal,  or  other 
black  particles.  Some  of  the  particles  in  the  fine,  as  in  the  coarser 
grades,  are  inorganic  in  character,  but  it  is  easy  to  demonstrate  the 
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existence  of  black  particles  of  organic  nature  by  burning,  and  in  the 
grades  not  too  fine  by  the  lighter  specific  gravity. 

It  would  seem  logical  to  conclude,  therefore,  that  the  larger  parti- 
cles examined  are  in  no  way  different  other  than  in  size  from  the 
finer  material  in  soils,  especially  since  there  can  be  no  doubt  that 
some  of  the  larger  material  examined  must  disintegrate  into  finer 
subdivisions  through  the  ordinary  mechanical  forces  operating  in 
soils. 

In  addition  to  the  above  sources  of  the  fine  carbonaceous  material 
there  should  be  mentioned  also  the  deposition  of  soot  and  smoke, 
chiefly  through  rains  and  snows.1  Such  light  carbonaceous  material 
can  be  carried  great  distances  from  its  origin  and  in  the  aggregate 
must  be  appreciable. 

INFLUENCE  OF  THESE  PARTICLES  ON  TOTAL  ORGANIC  DETERMINATIONS. 

In  making  total  organic  determinations  on  soils  the  amount  of  car- 
bon dioxide  formed  by  combustion  is  determined.  This  is  accom- 
plished usually  by  one  or  the  other  of  two  procedures,  the  dry  or 
wet  combustion,  respectively. 

In  the  dry  'combustion  all  carbonaceous  material  is  oxidized  in  a 
current  of  oxygen  or  air.  In  such  a  method  all  the  materials  men- 
tioned in  this  bulletin  would  be  included,  providing  the  operation 
were  thorough.  There  is,  therefore,  contained  in  this  result  a  con- 
siderable part  of  organic  material  that  should  not  be  considered 
as  a  part  of  that  organic  matter  which  through  ordinary  means  and 
in  limited  time  is  subject  to  further  change  or  modification  in  the 
soil. 

It  would  seem  that  the  more  resistant  particles  of  apparent  coal- 
like nature  would  not  change  materially  in  the  course  of  years,  while 
the  remainder  of  the  organic  matter  of  the  soil  is  still  in  such  form 
that  numerous  and  rapid  alterations  can  take  place.  By  virtue  of 
this  comparatively  ready  susceptibility  to  change  this  latter  type  of 
organic  soil  material  is  perhaps  the  more  directly  concerned  in  the 
functional  activities  Avithin  the  soil.  The  amount  of  organic  matter, 
as  found  by  analysis,  is  supposed  to  serve  as  a  measure  of  its  poten- 
tiality for  influencing  soil  fertility  and  other  beneficial  factors 
usually  associated  with  high  organic  content.  It  is  obvious,  however, 
that  this  measure  is  not  accurate  in  view  of  the  fact  that  there  is  a  not 
inconsiderable  amount  of  this  more  inactive  organic  material  present. 
The  soil  organic  matter,  in  other  words,  must  be  considered  as  of 
principally  two  kinds,  the  active  and  inactive  or  passive  forms, 
although  all  intermediate  stages  of  these  two  forms  are  probably 
present,  since  both  forms  are  manifestations  of  the  same  general 

1  See  in  this  connection  The  Movement  of  Soil  Material  by  the  Wind,  by  E.  E.  Free,  Bui. 
No.  68,  Bureau  of  Soils,  U.  S.  Dept.  Agr.  (1911). 
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process  of  the  return  of  complex  materials  to  simpler  compounds. 
It  would  seem  that  the  dry-combustion  method,  while  giving  an 
accurate  estimate  of  the  total  carbon  present,  does  not  give  a  result 
which  affords  an  accurate  interpretation  with  respect  to  what  is  here 
called  the  active  organic  matter.  It  would  further  seem  that  a 
method  which  does  not  oxidize  all  the  soil  organic  matter  might 
enable  a  better  interpretation  to  be  made.  The  wet  method  of 
combustion  by  means  of  chromic  acid  would  seem  to  meet  this 
requirement,  at  least  in  part.  This  method  has  yielded  in  the  hands 
of  all  investigators  lower  results  than  the  dry-combustion  method. 
This  is  presumably  due  to  the  fact  that  the  chromic  acid  mixture, 
like  the  potassium  chlorate-nitric  acid  mixture  "used  in  partially 
oxidizing  and  disintegrating  the  coallike  particles  from  soils,  is  not 
able  to  destroy  completely  these  more  resistant  materials  of  the  soil. 
A  combination  of  the  two  methods,  therefore — the  dry  combustion 
and  the  wet  combustion — might  afford  a  means  of  determining  the 
amount  or  proportion  of  these  more  resistant  organic  forms  in  soils. 

Some  data  on  this  subject  are  at  hand  in  the  work  of  Cameron 
and  Breazeale1  of  this  bureau.  These  investigators  showed  that 
the  wet  combustion  gave  lower  results  than  the  dry  combustion. 
Although  they  did  not  observe  any  undecomposed  organic  material 
under  the  microscope  in  the  residues  from  the  wet  combustion,  they 
show  that  the  residue  would  still  further  yield  carbon  dioxide  by  the 
dry-combustion  method,  and  that  the  sum  of  wet  process  organic 
matter  and  the  cembustion  of  the  residue  agreed  very  well  with  the 
results  of  the  dry-combustion  method  on  the  original  soil.  These 
results  are  shown  in  the  following  table,  in  which  the  carbon  dioxide 
obtained  was  multiplied  by  the  arbitrary  factor  of  Van  Bemmelen 
et  al.,  namely,  0.471 : 


Sample 
No. 

Combus- 
tion mth 
chromic 

Combus- 
tion of 
residue 

Sum. 

Combus- 
tion in 
tube. 

Difference. 

acid. 

in  tube. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

4248 

0.69 

0.24 

0.93 

0.94 

0.01 

4249 

.79 

.17 

.96 

.97 

.01 

5223 

1.71 

.42 

2.13 

2.15 

.02 

5224 

.73 

.49 

1.22 

1.46 

.24 

5861 

2.19 

.20 

2.39 

2.49 

.10 

5862 

.39 

.37 

.76 

.97 

.21 

A  comparison  of  the  second  and  third  columns  shows  that  the 
amount  of  organic  matter  resisting  the  wet  oxidation  is  not  incon- 
siderable, varying  from  about  8  per  cent  to  nearly  40  per  cent  of  the 
total  organic  matter  as  determined  by  the  dry-combustion  method. 
While  this  discrepancy  in  the  two  methods  may  be  in  part  due  to 


!Am.  Chem.  Soc,  26,  29   (1904). 


PRESENCE  OF  BLACK  OEGANIC  PAKTICLES  IN  SOILS.  21 

certain  inorganic  carbonates  difficultly  decomposed  in  the  wet  process, 
as  pointed  out  by  the  authors,  and  by  absorbed  carbon  dioxide,  it  is 
probably  occasioned  in  much  larger  measure  by  the  kind  of  organic 
particles  shown  by  this  research  to  exist  in  soils,  both  in  the  coarser 
and  finer  grades. 

The  factor  of  Van  Bemmelen  et  al.,  namely,  0.471,  by  which  the 
carbon  dioxide  is  multiplied,  is  based  on  the  supposition  that  the 
average  composition  of  soil  organic  matter  contains  58  per  cent  of 
carbon.  Wiley  gives  the  limits  as  42  and  72.  It  is  only  a  conven- 
tional factor.  It  corresponds  rather  closely  to  the  composition  of 
cellulose,  but  the  so-called  humus  extract,  which  is  another  attempt 
to  determine  only  the  active  organic  matter,  gives  carbon  figures 
which  vary  widely.  Cameron  and  Breazeale  in  the  work  quoted  give 
the  limits  as  33.3  to  50  per  cent,  averaging  about  42  per  cent  only, 
instead  of  the  58  required  by  the  factor  0.471. 

The  coal  and  charcoal  and  doubtless  modified  forms  of  these  types 
on  the  other  hand  are  far  richer  in  carbon.  Charcoal  contains  nearer 
80  per  cent  carbon  and  coal  frequently  above  90  per  cent.  The  ap- 
plication of  this  factor  to  the  more  resistant  organic  matter  of  soils 
where  this  occurs  is  erroneous.  A  soil  rich  in  such  material  would 
show  a  much  higher  amount  of  total  organic  matter  than  is  actually 
present,  owing  to  the  application  of  the  above  factor.  Moreover,  in 
attempting  to  determine  the  amount  of  organic  matter  readily  de- 
composed by  the  wet  process,  which  we  have  here  called  active,  and 
the  amount  left  undecomposed,  here  called  inactive  or  passive,  sepa- 
rate factors  should  be  used^for  each  type  instead  of  the  same  factor 
for  both. 

PRESENCE  OF  BLACK  ORGANIC  PARTICLES   IN   SOILS  EXAMINED. 

The  occurrence  of  these  black  particles  in  soils  was  first  demon- 
strated in  the  composite  separates  obtained  in  the  ordinary  mechan- 
ical analysis  of  soils  from  all  parts  of  the  United  States.  In  order 
to  obtain  a  satisfactory  answer  in  regard  to  the  frequency  of  the 
occurrence  of  these  particles  in  soils  a  rather  extensive  examination 
of  soils  was  undertaken,  using  the  methods  already  outlined  for  ob- 
taining the  material  in  sufficiently  coarse  grades  for  definite  identi- 
fication and  separation.  A  considerable  number  of  important  soil 
types  was  subjected  to  this  examination,  sometimes  employing  a  ton 
or  two  of  soil,  although  the  presence  of  the  particles  can  be  and  in 
many  cases  was  shown  by  the  examination  of  comparatively  small 
samples.  The  soils  studied  cover  a  wide  range  of  agricultural  use 
and  came  from  widely  separated  parts  of  the  United  States.  The 
list  comprises  residual  and  sedimentary  soils,  soils  from  cultivated 
fields  and  from  forest  lands,  surface  soils,  subsoils,  and  soils  from 
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great  depths.  Samples  were  collected  in  the  New  England  States, 
the  Gulf  States,  the  Pacific  Coast  States,  and  at  intermediate  points. 

In  all  of  these  soils  were  found  black  organic  particles  that  had 
the  properties  already  described.  As  to  the  relative  quantities  pres- 
ent in  the  different  soils,  no  order  was  discernible.  A  relationship 
thus  determined  would  at  best  mean  little,  inasmuch  as  the  particles 
obtained  are  only  those  of  a  relatively  coarse  grade,  all  finer  material 
being  necessarily  lost.  No  specific  evidence  was  obtained  which 
would  warrant  conclusions  being  drawn  as  to  the  greater  prevalence 
in  one  soil  over  another,  although  doubtless  such  differences  exist. 

For  the  present  purpose  it  was  deemed  sufficient  to  determine  that 
these  particles  of  organic  nature,  black  in  color,  and  resembling  coal, 
charcoal,  lignite,  jet,  and  other  bitumenlike  substances,  were  widely 
distributed.  This  leads  to  the  inference  that  highly  carbonaceous 
black  particles  in  still  finer  form  than  those  separated  and  examined 
are  probably  also  present  in  soils. 

The  following  soil  types  were  examined  and  found  to  contain  the 
different  types  of  organic  material  cited : 

List  of  soil  types. 

Arlington  day  loam.  Lufkin  fine  sandy  loam. 

Cecil  clay  loam.  Marshall  clay  loam. 

Cecil  sandy  loam,  Norfolk  sand. 

Clarksville  silt  loam.  Orangeburg  sandy  loam. 

Clyde  sandy  loam.  Porters  clay  loam. 

Collington  sandy  loam  San  Joaquin  sandy  loam. 

Crawford  silt  loam.  Sassafras  silt  loam. 

Dekalb  clay  loam.  Sassafras  loam. 

Dunkirk  clay  loam.  Shelby  clay  loam. 

Elkton  silt  loam.  Sioux  sandy  loam. 

Gadsden  sandy  loam.  Susquehanna  clay  loam. 

Genesee  fine  sandy  loam.  Victoria  clay. 

Gila  fine  sand.  Volusia  silt  loam. 

Hagerstown  clay  loam.  Westphalia  sand. 

Houston  clay.  Wheeling  silt  loam. 

Ired.ell  sandy  loam.  Windsor  sand. 

Leonardtown  clay  loam.  Yakima  fine  sandy  loam. 

PRESENCE    OF   BLACK    ORGANIC    PARTICLES   IN    SUBSOILS. 

As  stated  above,  all  surface  soils  were  found  to  contain  these  black 
organic  particles.  The  question  naturally  arises,  whether  they  occur 
also  in  lower  soil  strata,  and  what  is  the  relation  between  the  content 
in  soil,  and  subsoil.  The  surface  soils  examined  were  collected  to  the 
depth  of  ordinary  spading.  The  stratum  of  soil  below  this  depth  is 
usually  designated  as  the  subsoil.  Ordinarily  this  was  collected  to 
a  depth  not  exceeding  3  feet.  A  considerable  number  of  subsoil 
samples  were  examined  and  all  of  these  contained  black  organic 
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particles,  although  all  the  various  kinds  were  not  always  represented 
in  the  coarser  grade  sought  for.  It  seemed  in  general  that  the  black 
particles  were  not  as  numerous  in  the  subsoils  as  in  the  surface  soils. 
This  statement  is  based,  however,  only  upon  the  prevalence  of  the 
larger  particles,  as  found  in  the  coarse  grade  material  examined,  and 
might  not  be  true  if  the  material  of  this  nature  in  both  coarse  and  fine 
soil  material  could  be  measured.  The  total  organic  matter  content 
of  surface  soils  is,  however,  greater  than  that  of  subsoils,  and  the 
above  observation  would  seem  to  be  in  harmony  with  this  distribution 
of  organic  matter  between  soil  and  subsoil. 

PRESENCE   OF   BLACK   ORGANIC    PARTICLES   IN    SAMPLES    TAKEN    FROM 
CONSIDERABLE    DEPTHS. 

The  occurrence  of  the  black  organic  material  in  the  subsoils  as  well 
as  the  surface  soils  led  to  an  examination  of  several  soils  from  much 
greater  depths.  A  large  sample  was  collected  in  Virginia  at  a  depth 
of  15  feet.  This  sample  contained  some  black  particles  which  could 
be  recognized  as  charcoal,  coal,  and  the  more  jetlike  material  of  high 
luster,  the  latter  predominating.  Particles  of  coallike  material  were 
present  in  this  sample  in  the  smallest  amount. 

Another  large  quantity  of  soil  collected  at  a  depth  of  30  feet  from 
a  deep  cut  being  made  in  the  vicinity  of  the  United  States  Naval 
Observatory  in  the  District  of  Columbia  likewise  contained  black 
particles  in  the  coarse  separate.  This  material  was  chiefly  of  the 
glossy  variety,  of  jet-black,  pitchlike  appearance. 

Still  another  large  sample  was  procured  from  a  much  greater 
depth,  namely  about  50  feet  below  the  surface,  at  Langdon,  D.  C. 
This  soil  was  from  a  sewer  cut  in  process  of  construction.  This  cut- 
was  about  10  feet  wide  and  the  soil  was  supported  by  sheathing  to 
prevent  caving-in.  The  soil  was  taken  from  the  freshly  exposed  bot- 
tom at  the  above-mentioned  depth.  The  material  was  an  incoherent 
sand.  A  small  quantity  of  black  particles  was  found  even  in  this 
sandy  material  from  so  great  a  depth.  It  resembled  more  nearly  the 
shiny  anthracite  particles  heretofore  described. 

It  will  be  noticed  that  these  soils,  while  from  considerable  depths, 
still  gave  a  yield  of  black  organic  particles,  although  they  seem  to 
vary  in  kind  as  well  as  amount  in  the  different  localities. 

THE  QUESTION  OF  THE  ORIGIN  OF  THE  CARBONACEOUS  RESIDUES  IN  SOILS. 

No  uniformly  satisfactory  explanation  of  the  origin  of  the  dark 
carbonaceous  particles  in  soils  can  be  given  and  recourse  must  be  had 
to  several  agencies,  any  one  or  all  of  which  may  be  operative,  to  ac- 
count for  their  presence  or  formation. 

In  the  case  of  the  charcoallike  particles  the  first  explanation  that 
occurs  to  one  is  the  agency  of  fire.    Forest  fires,  prairie  fires,  marsh 
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fires,  etc.,  have  doubtless  in  past  centuries  raged  frequently  over  the 
lands.  How  long  charcoal  will  persist  under  soil  conditions  is  not 
known.  Its  fragile  character  would  doubtless  lead  in  the  course  of 
time  to  a  disintegration  of  the  mass  and  a  commingling  of  soil  and 
carbon  particles,  nor  is  it  improbable  that  microorganic  life  can 
further  destroy  this  material,  which  is  still  far  from  being  pure 
carbon.  The  work  of  Potter  x  in  studying  the  action  of  microorgan- 
isms on  wood  charcoal  heated  to  1,200°  C,  as  well  as  on  coal,  lamp- 
black, peat,  etc.,  is  sufficient  evidence  on  this  point. 

The  frequent  occurrence  of  charcoallike  material,  however,  espe- 
cially in  forms  which  suggest  that  the  particle  was  coated  with 
lustrous  pitchy  material,  would  seem  to  point  to  an  infiltration  of 
organic  matter  into  its  pores  which  was  then  altered  therein,  or  else 
that  the  formation  of  charcoal  and  covering  material  has  resulted 
directly  in  the  soil  from  wood  and  its  cell  contents  under  conditions 
favorable  to  such  changes.  The  great  variety  of  charcoal  forms 
noticed  in  the  soil  would  suggest  that  these  are  transition  stages;  a 
number  of  fragments  in  fact  showed  a  different  appearance  in 
different  parts  of  the  same  specimen  as  if  actually  undergoing  such 
changes  as  suggested. 

"While  fires  in  general  doubtless  contribute  to  the  occurrence  of 
charcoal  in  soils,  there  can  be  little  doubt  that  charcoallike  material 
can  be  produced  in  the  soil  itself  by  mild  oxidative  influences,  such 
as  are  comprehended  by  the  term  eremacausis.  The  chemical  proc- 
esses are  in  either  case  similar  in  kind,  simply  varying  in  intensity, 
and  as  with  fire  the  more  resistant  portions  would  remain  to  form 
the  structure  of  the  residue. 

In  regard  to  the  particles  which  are  lignitic  in  character  there 
can  be  no  doubt  that  woody  plant  tissue  has  undergone  changes 
under  soil  conditions.  In  other  words,  the  process  of  lignification 
and  further  carbonization  to  charcoallike  material  can  take  place 
in  small  particles  of  woody  material  in  the  soil  under  conditions 
favorable  to  such  changes,  just  as  well  as  when  larger  masses  of 
vegetable  material  are  lignified. 

The  petrification  of  wood  also  points  to  changes  taking  place 
which  involve  in  the  course  of  time  a  substitution  of  mineral  matter 
for  organic  cell  contents  and  walls  through  infiltrating  waters 
carrying  mineral  material  in  solution  or  extremely  fine  suspension. 
Since  the  soil  waters  also  carry  organic  material  in  solution  and  sus- 
pension it  is  not  improbable  that  a  similar  deposition  of  organic 
matter  in  the  pores  of  decaying  and  lignifying  wood  or  charcoal 
takes  place,  and  so  a  great  variety  of  soil  particles  may  be  built  up, 
which  would  be  essentially  black  or  brown  in  color  and  resemble  and 

1  Potter,  M.  C.  Bacteria  as  Agents  in  the  Oxidation  of  Amorphous  Carbon.  Proc.  Roy. 
Soc.  B.,  80,  239   (1908). 
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Plate  V. 


Fig.  1.— Specimens  of  Plant  Fragments  Found  in  the  Soils  Examined. 


Fig.  2.— Specimens  of  Insect  Parts  Found  in  the  Soils  Examined. 
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Plate  VI. 


Fig.  1.— Specimens  of  Charcoal  and  Charcoallike  Particles  Found  in 
the  Soils  Examined. 


2. -Coal  and  Coallike  Particles  Found  in  the  Soils  Examined. 
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Plate  VI 


Fig.  1.— Photomicrograph  of  Coal  Section  After  Burning  in  the 
Electric  Furnace. 


Fig.  2.— Photomicrograph  of  Section  of  Coallike  Particle  from  Soil 
After  Burning  in  the  Electric  Furnace. 
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indeed  be  not  different  from  those  deposits  of  carbonaceous  material 
found  in  larger  masses. 

Another  type  of  black  organic  particles  has  been  shown  to  have 
the  character  of  coal  and  still  others  to  be  at  least  coallike  in  appear- 
ance. It  is  possible  to  suggest  several  means  by  which  this  type  of 
material  becomes  a  component  of  soil  organic  matter.  While  it  is 
conceivable  that  occasionally  such  material  gets  into  the  soil  here 
and  there  as  the  result  of  contamination  through  the  agency  of 
man  in  the  form  of  coal  itself,  ashes  from  coal  fires,  etc.,  introduced 
in  stable  manure  from  cities,  or  purposely  added  to  improve  the 
physical  conditions  of  local  spots,  it  does  not  seem  that  any  appre- 
ciable distribution  of  the  coallike  soil  particles  can  be  attributed  to 
this  factor.  Such  an  admixture,  either  accidental  or  designed,  would 
be  met  with  principally  in  the  neighborhood  of  cities,  in  garden 
soils,  and  truck  farms.  While  such  soils  were  wholly  excluded  from 
these  investigations,  it  is  nevertheless  possible  to  have  a  similar 
chance  for  contamination  of  this  kind  even  in  general  farm  practice. 
For  this  reason  the  soil  samples  studied  were  taken  as  far  away  from 
sources  of  contamination  as  possible.  In  addition,  deep  subsoils  and 
soils  from  permanent  forests  were  also  examined.  Nevertheless  all 
the  soils  showed  some  material  of  this  class,  so  that  it  becomes  evi- 
dent that  other  sources  of  origin  must  be  considered. 

Two  natural  agencies  for  the  distribution  of  such  material  in  soils 
suggest  themselves.  The  first  of  these  involves  the  erosion  of  coal 
seams  or  veins  by  water  or  ice  and  a  deposition  of  this  material 
in  the  sedimentary  soils,  along  with  the  mineral  matter  eroded, 
as  the  result  of  the  carrying  power  of  water.  In  other  words, 
the  coal  particles  may  get  into  the  soil  through  the  same  means  as 
do  the  other  soil- forming  minerals,  namely ,  as  the  result  of  erosion 
and  deposition  by  the  action  of  water  or  glaciers  and  also  by  seolian 
agencies.  Such  eroded  coal  seams  are  frequent  and  occur  as  outcrops 
in  many  regions,  so  that  this  possibility  requires  no  further  con- 
sideration. Since  the  advent  of  man  this  natural  agency  of  coal 
addition  to  soil  material  has  in  certain  sections  been  greatly  aug- 
mented, so  that  the  rivers  in  the  coal-mining  regions  carry  enormous 
quantities  of  fine  coal  particles,  sufficient  to  cover  entire  fields  for 
several  inches  when  an  overflow  occurs. 

The  coal  deposition  in  soils  is,  of  course,  not  limited  to  this  carry- 
ing power  of  water,  but  may  also  result  in  situ  by  a  disintegration 
of  the  rocks  containing  veins  and  seams  of  such  material,  just  as 
the  minerals  more  resistant  to  the  action  of  water  are  left  in  the 
residual  soils  from  the  disintegration  of  the  parent  rock.  It  must 
be  borne  in  mind  in  this  connection  that  while  coal  beds  and  work- 
able seams  are  likely  to  occur  only  in  limited  places,  the  fine  seams 
and  veins  are  found  very  widely  disseminated  in  rocks.     From  a 
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geologic  or  economic  point  of  view  these  have  no  great  significance, 
but  as  a  source  of  such  material  in  soils  they  possibly  play  a  not 
unimportant  role. 

The  second  natural  agency  is  suggested  by  the  occurrence  of  small 
thin  layers  of  coal.  Since  such  small  amounts  of  coal  are  so  widely 
distributed,  the  suggestion  that  coal  can  be  formed  in  the  soil  from 
vegetable  material  would  seem  pertinent  and  worthy  of  considera- 
tion. It  is  generally  conceded  that  coal  is  of  vegetable  origin, 
although  the  presence  of  animal  remains  is  not  excluded.  The 
theories  of  coal  formation  concern  themselves  almost  wholly  with 
an  explanation  of  the  occurrence  of  coal  in  large  masses  and  beds. 
These  theories  have  been  geological  and  physical  rather  than  chemical 
in  their  main  characteristics,  and  have  considered  chiefly,  geological 
time,  great  heat,  and  enormous  pressure,  as  well  as  an  original  supply 
of  organic  vegetable  material  of  extensive  area  and  mass.  The  chemi- 
cal considerations  have  been  exceedingly  vague,  contenting  themselves 
wholly  with  the  rather  obvious  facts  demonstrated  by  ultimate 
analysis,  namely,  that  coal  has  a  larger  percentage  content  of  carbon 
than  the  present  vegetation.  As  to  the  actual  chemistry  of  this 
process  of  coaling  very  little  is  known,  and  there  is  even  little 
definite  speculation  on  this  point,  for  the  simple  reason  that  the 
chemical  nature  of  coal  itself  is  very  little  understood.  In  order  to 
explain'  coal  beds  as  forming  in  geologic  time  it  has  been  necessary 
to  assume  luxuriant  vegetation  under  conditions  which  would  result 
in  peat  beds  of  considerable  thickness.  This  peat,  •  submerged  under 
clay  or  other  sedimentary  material,  is  then  supposed  to  be  the  start- 
ing point  for  the  coalification.  Next  in  age  would  come  the  brown 
coals  or  lignites,  later  the  soft  coals  or  bituminous  coals,  and  still 
later  the  anthracite  varieties,  of  which  the  oldest  are  the  hardest,  the 
most  difficult  to  burn,  and  contain  the  highest  percentage  of  carbon, 
graphitic  in  character,  but  not  identical  with  the  crystalline  carbon 
mineral  known  as  graphite.  Increasing  age,  increasing  pressure,  and 
temperature  are  supposed  to  play  their  part  in  these  respective 
changes. 

While  such  large  formations  may  require  unlimited  time  and  con- 
ditions that  only  come  about  at  long  intervals  of  time  in  order  to 
become  operative  on  large  masses  of  accumulated  material,  it  does 
not  seem  illogical  to  assume  that  the  same  chemical  or  biochemical 
process  which  produces  lignification  and  coalification  can  take  place 
in  small  masses  of  vegetable  material  in  what  from  a  geological 
point  of  view  would  be  a  comparatively  short  period  of  time.  In 
other  words,  may  not  a  single  leaf,  twig,  or  rootlet  under  favorable 
conditions  go  through  the  entire  process  in  a  comparatively  short 
span  of  years?  The  physical  process  might  be  different  from  that 
occurring  in  beds,  but  the  chemical  process  might  result  in  com- 
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pounds  of  the  same  character  as  are  formed  under  the  more  excep- 
tional conditions  required  to  bring  about  coal  deposits  in  large 
masses.  From  such  a  point  of  view  the  lignification  and  coalification 
of  vegetable  material  would  be  a  general  process,  operative  at  all 
times,  under  of  course  conditions  favorable  to  such  changes,  but 
conditions  which  would  be  encountered  frequently  in  the  earth's 
covering.  Just  what  these  conditions  are  it  is  not  possible  to  state 
without  again  falling  into  the  grievous  error  of  supposing  that  the 
chemistry  of  coal  and  the  process  of  coalification  are  understood. 

Not  all  the  black  particles  of  the  soil  are  coal,  as  has  been  amply 
pointed  out.  Many  are  only  coallike  in  appearance,  others  more 
nearly  resemble  charcoal  in  structure,  though  possessing  a  certain 
luster  and  brittleness  akin  to  coal,  and  still  others  are  obviously  char- 
coal. As  stated,  there  appear  a  sufficient  number  of  gradations  to 
suggest  a  genetic  relationship  between  many  of  them.  This  same 
general  chemical  process  of  lignification  and  coalification  may  even 
play  a  considerable  part  in  the  transformation  of  the  distinctly  char- 
coal material  into  the  coallike  bodies.  A  piece  of  charcoal  has  con- 
siderable absorptive  power  and  organic  as  well  as  mineral  matter 
accumulates  within  its  pores.  Under  these  conditions  the  organic 
material  undergoes  further  changes,  covers  the  charcoal  structure 
with  glossy,  bituminous  material,  or  fills  the  pores  entirely,  until  the 
particle  resembles  some  of  the  natural  material  of  carbonaceous  or 
hydrocarbonaceous  character,  approaching  jet,  pitch,  coal,  etc.,  in 
appearance  and  properties. 

In  short,  then,  the  black  particles  of  various  character  observed 
in  the  soils  examined  may  occur  therein  (1)  as  the  result  of  fire  or 
accidental  addition;  (2)  as  the  result  of  natural  deposition  from 
waters  which  have  carried  them  from  coal  layers  or  beds  by  erosion, 
just  as  mineral  soil  material  is  distributed  in  the  formation  of  sedi- 
mentary soils;  (3)  as  the  result  of  rock  disintegration  containing 
coal  veins  or  seams,  just  as  the  more  resistant  minerals  became  con- 
stituents of  the  residual  soils;  and  (4)  as  the  result  of  actual  forma- 
tive processes  in  the  soil.  That  the  last  named  process  exists  seems 
highly  probable  from  a  study  of  the  various  types  of  black  material 
encountered  in  the  large  number  of  soils  examined.  A  genetic  rela- 
tionship between  materials  of  this  type  appears  to  exist. 

SUMMARY. 

The  soil  has  been  shown  to  contain  water-soluble  and  alkali- 
soluble  constituents  which  make  up  a  portion  of  soil  organic  mat- 
ter. In  addition  there  are  present  materials  not  soluble  in  these  or 
other  ordinary  solvents.  The  occurrence,  distribution,  and  nature 
of  this  latter  class  of  materials  is  the  subject  of  this  bulletin. 
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The  larger  organic  particles  were  separated  from  the  coarser  soil 
material  obtained  from  large  masses  of  soil.  Several  distinct  types 
of  organic  particles  were  obtained,  among  which  may  be  enumerated 
(1)  plant  material  of  organic  structure.  (2)  insect  and  other  material 
of  organized  structure,  (3)  charcoal  particles,  (4)  lignite  particles, 
(5)  coal  particles,  and  (6)  other  material,  some  of  which  suggests 
intermediate  stages  of  formation. 

These  types  of  organic  matter  also  exist  in  finer  subdivision  in  the 
soil.  The  presence  of  the  black,  charcoallike  and  coallike  particles 
was  shown  in  all  the  soils  examined.  The  soils  came  from  various 
parts  of  the  United  States,  from  cultivated  fields  and  virgin  forest 
lands,  and  included  many  types. 

The  black  particles  were  also  encountered  in  ordinary  subsoils  as 
well  as  in  samples  collected  at  depths  of  15  to  50  feet  below  the 
surface. 

Since  these  more  resistant  forms  of  organic  matter  exist  in  soils, 
their  influence  on  organic  matter  determination  is  discussed.  They 
appear  to  form  no  inconsiderable  portion  of  soil  organic  matter. 

The  frequency  of  occurrence  and  the  nature  and  appearance  of  the 
various  particles  are  suggestive  of  their  formation  in  the  soil,  inas- 
much as  genetic  relationship  between  many  of  the  particles  appeared 
to  exist.  The  recognition  of  such  material  in  soil  as  well  as  the 
various  changes  which  these  have  undergone  gives  a  better  insight 
into  the  soil  organic  matter  as  a  whole  and  makes  clear  the  nature 
of  a  not  inconsiderable  portion  of  soil  organic  matter  which  is 
apparently  very  resistant  to  further  change.  Other  agencies  which 
would  contribute  such  material  to  soils,  such  as  fire  or  accidental 
contamination,  deposition  following  erosion,  disintegration  in  situ, 
etc.,  are  also  considered. 
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